Phage t was isolated from sewage from Pretoria. It formed plaques only on Escherichia coli and Salmonella typhimurium strains that carried plasmids belonging to incompatibility group T. Five of six group T plasmids permitted visible lysis of R+ host 'strains. There was no visible lysis of E. coli 553-2 or S . typhirnurium LT2trpA8 carrying the T plasmid Rtsl although the strains supported phage growth as indicated by at least a 10-fold increase in phage titre. The latter strains transferred the plasmid at high frequency to E. coli strain CSH2 and the resulting transconjugants plated the phage. Proteus mirabilis strain PM5006(R402) failed to support phage growth although it transferred the plasmid and concomitant phage sensitivity to E. coli 553-2. The phage was hexagonal in outline, RNA-containing, resistant to chloroform and adsorbed to the shafts of pili determined by T plasmids.
I N T R O D U C T I O N
described a plasmid, RKM, which had a thermosensitive replication mechanism. The name of the plasmid was subsequently changed (see Terawaki & Rownd, 1972) to Rtsl and it was made the prototype of a newly-constituted incompatibility group T by Coetzee et al. (1972) . Other members of the group were R394, R401 and R402, only the last two being temperature-sensitive for replication (Coetzee et al., 1972) . Additional members have been discovered (Matthew & Hedges, 1976; Odakura et al., 1977 ; S. B. Levy, personal communication) but the group remains small and all members were found in species of the tribe Proteae.
All members of the group so far tested determine pili constitutively (Bradley, 1980 b) . The pili are thick and flexible, belonging to pilus morphological group 2 (Bradley, 1980b) . studied three T plasmids, Rtsl, R394 and R402, and found that they determined pili which were serologically related and perhaps identical.
An RNA-containing phage (pilE/Rl) isolated from sewage by To et al. (1975) was shown to adsorb to pili determined by plasmids of group T. The phage was ribonuclease sensitive and adsorbed along the entire length of the pili but is no longer available (see Methods).
The isolation and properties of another phage which is specific for strains carrying T plasmids is described in this paper.
D . E . B R A D L E Y A N D O T H E R S M E T H O D S
Bacteria and plasmids. Escherichia coli strains were 553-2, 562-2 (Coetzee et al., 1979) , CSH2 (Yokota et al., 1969) and JE257 1 (Bradley, 1980a) . Salmonella typhimurium strain LT2trpA8 and Proteus mirabilis strain PM5006 have been described (Coetzee et al., 1979) . Plasmids were from the collection of Naomi Datta (Datta, 1977) and were transferred to appropriate organisms when necessary. Plasmid-carrying strains are listed in Table 1 .
Bacteriophages. Phages PR64FS (Coetzee et al., 1980) , PR772 (Coetzee et al., 1979) , C-1 (Sirgel et al., 1981) , X (Bradley et al., 1981a) , MS2 (Davis et al., 1961) and Folac (Bradley et al., 1981 b) were titrated in surface spot tests to check the level of pilation of bacteria harbouring plasmids of the I complex, groups N, P and W, group C, group X, the F complex and Folac, respectively. Phage PR772 was also used as a negative control in ribonuclease sensitivity tests. What is believed to be the last sample of phage pilE/Rl was tested and found to be unable to form plaques on T + hosts.
Media, antibiotics, transfer of plasmids by conjugation, general phage techniques, production of phage lysates and organic solvent sensitivity tests forphages. The materials and methods used were as described and referred to by Coetzee et al. (1979) . Organisms were incubated at 37 "C apart from those harbouring T group plasmids when incubation was at 25 OC.
Isolarion of a bacteriophage specijk f o r bacteria harbouringplasmid R402. The method of Coetzee et al. (1979) was used to isolate the phage from sewage derived from a Pretoria hospital. The sewage was enriched with partner strains J62-2(R402) or LT2trpA8(R402). After overnight incubation, the enriched sewage was filtered through a Millipore membrane (average pore diameter 0.8 pm) and the filtrate was titrated on the other partner. Plaques which appeared were picked into saline and titrated in surface spot tests on both partner and isogenic strains lacking the plasmid.
Concentration of bacteriophage. Phage lysates were concentrated using polyethylene glycol (mol. wt 6000) and NaCl at final concentrations of 8% (w/v) and 0.5 M, respectively (Yamamoto et al., 1970) . Pellets were suspended in small volumes of distilled water.
Ribonuclease sensitivity. Plaque formation on nutrient agar plates containing RNAase (BDH) at a final concentration of 25 pg ml-' was compared with counts on similar media lacking the enzyme (Sirgel et al., 198 1) . Phage PR772 served as negative control.
Bacteriophage increase. An exponentially growing culture of the donor plasmid-bearing organism (0.1 mi) under test was mixed with an equal volume of stationary phase recipient (strain 562-2) on a Millipore membrane resting on nutrient agar. After overnight incubation, the growth was gently washed off by suspending the membrane in 5 ml warm broth. To 1 ml of this broth suspension, possibly containing transconjugants temporarily derepressed for pilus synthesis (Bradley, 1980a) , 0.1 ml of a suspension of phage t (1 x lo9 plaque-forming units ml-') and 4 ml soft top-layer agar (0-6%, w/v) were added and the mixture was poured over the surface of a nutrient agar plate and allowed to set. After overnight incubation, the phage was harvested and the titre on strain 562-2(R402) was determined (Sirgel et al., 1981) . Cultures of 562-2(R402) and 562-2 were used as donors in similar experiments for positive and negative controls, respectively. All tests were repeated on at least three occasions. Experiments were only done on plasmid-bearing strains where, through lack of a corresponding pilus-specific phage, doubt existed about the level of pilation.
Electron microscopy of phage t adsorbed to T pili. A 1.0 ml sample of phage t in broth (titre 1 x lo9 plaque-forming units ml-I) was mixed with 0.01 ml of 1 M-calcium chloride solution, and a large loopful of JE257 1 (pIN25) from an overnight plate was thoroughly suspended in the mixture (cell concentration 10'o-lO1l cells ml-l). The suspension of bacteria from plate cultures yielded many detached pili, which were preferable for this study (see Results). After incubation at 37 O C for 30 min, a carbon-coated electron microscope specimen support grid was touched on to the surface. Excess bacteria were removed by dabbing the grid on the surface of a 0.1 M-ammonium acetate solution. Negative staining was with a mixture of equal volumes of 0.1 M-ammonium acetate and 2 % (w/v) sodium phosphotungstate (pH 6-5) solutions.
R E S U L T S A N D D I S C U S S I O N
A phage was isolated which plated on both plasmid-containing strains used for sewage enrichment but not on isogenic strains lacking plasmid R402. It was named phage t and was routinely propagated on strain 562-2(R402).
Properties of phage t Plaque morphology. The phage formed slightly turbid plaques of about 2 mm in diameter on all its hosts apart from CSH2(Rts1) on which it formed very turbid, hardly discernible plaques of about the same size. Plaque-size was reasonably constant on all hosts and probably indicated the constitutive synthesis of adsorption sites (Meynell, 1978) .
Phage morphology. Phage t appeared as a typical RNA bacteriophage in the electron microscope ( Fig. 1) being hexagonal in outline with a diameter of 25 nm. No obvious capsomers were visible and negative staining produced a typical semi-transparent appearance . Table 1 . Host range ofphage t Drops of phage suspension (titre 1 x lo9 plaque-forming units ml-I) were spotted on lawns of organisms contained in top-layer agar. Phage multiplication was determined as described in Methods.
D . E . B R A D L E Y A N D O T H E R S

Host
LT2trpA 8 (R 7 24) LT2trpA8(P-lac) HfrH 56 2-2 (R 1 drd 1 9) occasions; -, no increase in phage titre above that of the negative control; ND, not done.
5, S . B. Levy (personal communication).
now reassigned to a new group U (Bradley, 1980b) .
Adsorption site. Preliminary experiments indicated that phage t adsorbed to T pili in small numbers only, unlike the F-specific RNA phages which usually completely cover conjugative pili (see Meynell, 1978 ; Bradley & Meynell, 1978) . Therefore, adsorption was demonstrated by electron microscopy of a mixture of phage virions with a large excess of detached T pili such that there were relatively few unadsorbed phage particles. When virions were in excess, it was not possible to distinguish between adsorbed phages and those which fortuitously lay adjacent to pili. Detached pili were preferred because they demonstrated phage adsorption better than pili attached to cells (Bradley, 1977) , which might retract. The preparation method demonstrated that phage t adsorbed in small groups, usually two to five in number, to T plasmid-dependent phage 40 1 the sides of T pili at a distance of between about 15 nm and 150 nm from the tapered distal end (Fig. 1) . A count of 100 phage t virions revealed that 71 were attached to the pili in this way (virions lying 10 rim from pili were included since we believed that they had become detached during drying). None was found adsorbed to pili further down the shaft although one example was encountered outside the sample. Very few T pili had adsorbed phages (proportion not counted) in this sample, or in preparations with a higher phage :pilus ratio. These observations clearly demonstrated an adsorption site near the pilus tip, but no explanation for this location can be offered. Organic solvent sensitivity. The phage was stable in the presence of chloroform and diethyl ether and was stored above a layer of chloroform.
R ibonuclease sensitivity. Plaque formation by phage t on 562-2(R402) was totally inhibited by the RNAase in the medium whereas a phage titre of 1 x lo9 plaque-forming units ml-' was obtained on media which lacked RNAase. The titre of phage PR772 was the same (5 x lo9 plaque-forming units ml-l) on J62-2(RP4) in the presence or absence of the same concentration of RNAase. Phage pilE/Rl infection was also sensitive to RNAase .
Host range. Phage t plated with equal efficiency on LT2trpA8 and 562-2 strains carrying plasmids pIN25, R394, R401, R402 and R414b (Table 1) . Specific adsorption of the phage to T pili was shown by the failure to form plaques on plasmid-free strains or on strains carrying plasmids belonging to groups other than T, even though these strains produced adequate pili to allow plaque formation by their appropriate pilus phages where these were available. Phage t did not form plaques on 553-2,562-2 or LT2trpA8 strains carrying plasmid Rtsl although multiplication in these strains was indicated by an increase in phage titre of more than 10-fold above that of the negative control.
Plasmid Rtsl was transferred from LT2trpA8(Rtsl) to E. coli K12 strain CSH2. Phage t formed plaques on the resulting transconjugants with an efficiency 10-fold lower than that observed with E. coti strains carrying other T plasmids. However, the efficiency of plating of the phage on strain CSH2 carrying any of the other T plasmids was equal to that on strain LT2trpA 8 (pIN25) (not shown).
The inefficiency of plaque formation on Rstl+ hosts may be due to small differences in pilus structure between this plasmid and other members of group T. Bradley (1980b) has shown that the pili formed by Rtsl are closely related morphologically and antigenically to those determined by R394, R401 and R402, but small differences are not ruled out by these tests. Why Rtsl should be better able to support plaque formation by phage t in strain CSH2 than in other sublines of E . coli K12 is unknown. Another case where the host strain influenced plaque-forming ability is the failure of P. mirabilis strain PM50061R402) to support phage growth (Table 1) despite the fact that it transferred the plasmid and phage t susceptibility to E. coli 553-2 at a frequency of 5 x per donor per hour. Similarly, Dennison & Baumberg (1975) found that a Proteus morganii strain carrying N plasmids did not propagate phage IKe, although N-linked IKe sensitivity was transferable from it. Coetzee et al. (1979) encountered an analogous situation with phage PR772, which lysed various bacterial strains harbouring P-1 plasmids but did not propagate on P. mirabilis strain PM5006 carrying these plasmids; again, phage sensitivity was transferable at high frequency to E. coli. It could be that particular phage proteins fail to be made in these two Proteus strains (see Bradley et al., 1981a) , although a host-produced structural change in the plasmid-coded pili which prevents phage adsorption while leaving their conjugation function intact is another possibility (see Hua et a / . , 198 1).
From the brief description of the properties of phage pilE/Rl available it appears that, while resembling phage t in the type of genome nucleic acid, phage pilE/Rl differed from phage t by plating equally well on E. coli strains carrying plasmids R402, R394 or Rts 1 and coating the entire shaft of pili coded by these plasmids.
D . E . B R A D L E Y A N D O T H E R S
Plasmids of group T code for pili which are serologically unique (Bradley, 1980 b ) and the narrow host range of phage t fits the pattern set by other RNA-containing phages that adsorb to the shafts of pili. For example, certain RNA phages can discriminate between antigenically related pili determined by plasmids of the F complex (Dennison & Hedges, 1972; Meynell, 1978) , whilst phage PRRl is absolutely specific for pili produced by P plasmids (Olsen & Thomas, 1973 ) and phage C-1 adsorbs only to C group pili (Sirgel et al., 1981) . Thus, the high degree of specificity of these RNA phages allows recognition of the incompatibility group of plasmids conferring sensitivity to them. In this respect phage t should be valuable.
